4.0 MASS PROPERTIES AND PROPELLANT LOADING

The element and integrated mass properties of the Space Shuttle Vehicle on a mission-
to-mission basis are documented in NSTS 09095, Space Shuttle Systems Weight and
Performance Status Report and NSTS 08934, Volume I, Space Shuttle Operational
Databook, Volume I, Mission Mass Properties. The database that generates NSTS
09095 is also used to generate Mass Properties for all of the TDDP used for ascent
simulations. The Shuttle Operational Data Book (SODB) is used to capture the pro-
jected, end-of-mission consumable and mass property baseline used for various
purposes, including verification of Orbiter entry constraints and establishing the total
vehicle inert weight at landing.

This section provides additional, more general, information.

4.1 ELEMENT INERT WEIGHTS

The inert weights of the Space Shuttle elements (Orbiter, SSME, ET, SRB) are specified
in the current issue of NSTS 09095.

4.2 CREW COMPARTMENT

Standard crew compartment mass properties for various man/day configurations are
listed in the current issue of NSTS 09095.

4.3 WEIGHT ALLOWANCE FOR ICE

There shall be no weight allowance for acreage ice formation on the ET. The ice within
the intertank will be considered. Water in the ET Thermal Protection System (TPS) is
also considered.

4.4 PROPELLANT LOADING

4.4.1 Main Propulsion System (MPS)

The MPS propellants consist of those propellants loaded in the ET, Orbiter feedlines,
and SSMEs. The dominant parameters affecting a MPS propellant inventory are the
propellant load, Mixture Ratio (MR) and fuel bias.

The propellant load is controlled by sensor height (controlling volume of propellant
loaded), ullage pressure and atmospheric pressure. The sensor height is fixed at a
maximum load that provides the minimum ullage volume for propellant load control.
For both LWTs and SLWTSs, the LH, 100% sensors are located at XT 1044.6 and the
LO, 100% sensors are located at XT 412.58. The ullage pressure is dependent upon
ET ventvalve stroke limiter - the larger the stroke limiter the larger the vent, the lower
the pressure the higher the density. All ETs now have a 1.1-inch stroke limiter.
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The propellant inventories are based on the conditions and assumptions specified in
Table 4.1. Shown are the usable propellant (available) for impulse, the required
reserves (fuel bias, Flight Performance Reserve [FPRY]), trapped and that used as pres-
surants. The upper half of the load sheet defines the propellant loaded, and propellant
onboard at Engine Start Command (ESC) and SRB ignition command by element. Itis
to be noted MR was flight derived from reconstruction data.

The SPAD baseline propellant inventories used for STS-26 and subsequent flights are
listed in Table 4.1.1. The “MARGINS” program’s inputs for the LWT and the SLWT
inventories, are listed in Tables 4.1.2 and 4.1.3, respectively. All of the historical MPS
propellant inventories created for use since STS-26 are contained in Appendix G,
whereas only the current inventories are retained in this volume (Tables 4.95 through
4.115).

The use of a MR other than 6.0 is an operational constraint dependent upon propellant
load and fuel bias. The fuel bias is dependent upon trajectory design philosophy.
Three design philosophies are as follows:

1. Optimum performance
2. Equal probability of LO, and LH, Low-level Cutoff (LLCO)
3. Specific probability of LLCO

The current trajectory design philosophy is optimum performance, that is minimum
summation of fuel bias and FPR using the equations specified in Table 4.1. The usable
impulse that can be consumed at the Over Board MR (OBMR) is the propellant loaded,
modified by the propellant used for fuel bias, thrust buildup and shutdown, trapped pro-
pellants, propellants used as pressurants, and propellants vented after valve closure.

The FPR is the flight performance reserves allocation for + 3-sigma systems disper-
sions for nominal and Return to Launch Site (RTLS), + 2-sigma for Abort Once
Around/Transoceanic Abort Landing (AOA/TAL). The fuel bias is determined by ET
propellant load and SSME MR.

The usable propellant for a mission is determined within the constraints of ullage vol-
umes, ullage pressure, densities, atmospheric pressure, MR, fuel bias, and propellant
residuals.

The inputs required to properly run the MPS propellant loading prediction computer pro-
gram, PLOAD, have been gathered in several tables. Tanking tables relate tank
volumes to vertical position within the tank. The PLOAD key data is associated with the
sensors between the 98% location and the overfill sensor. The tank volumes, under
cryogenic conditions, for the key level sensors at the tops of the LO, and LH, tanks, for
LWT-68 and subs, are listed in Table 4.1.4. The data are listed at four values of ullage
pressure (psig). The same type of data for SLWT-01 and subs are in Table 4.1.5.
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During stable replenish, tank LO, ullage pressure decays with time. This decay has
been modeled by three (3) 4th degree curve fit equations. The coefficients of these
equations are listed in Table 4.1.6.

Extensive tests were conducted on the Main Propulsion Test Article at the Stennis
Space Center, National Space Technology Laboratory in the late 70’s, early 80's.

These tests used data from the National Bureau of Standards to correlate tank ullage
pressures to bulk propellant densities and temperatures (average conditions at the cen-
troid location) for Shuttle Program ETs. For various GH, ullage pressures (psia), the
LH> bulk densities and temperatures are listed in Table 4.1.7. The vented values apply
to conditions at the End of Replenish (EOR). The pressurized values are the corre-
sponding conditions at ESC, when the tank has been pressurized for flight. Similar
data for GO» ullage pressures (psia) and LO, bulk densities and temperatures are
listed in Table 4.1.8.

Several inputs to the PLOAD program are found in various tables in this document.
They are identified for the LWT and SLWT in Table 4.1.9.

The propellants internal to the SSMEs are:

The propellants internal to the SSMEs are:

SSME x 3 propellants (Ib) LH» LO, Total
Dry 0 0 0
Prestart 58 1325 1383
Operating 116 1497 1613
Burnout 58 1325 1383

While the propellant inventories quantify the propellant contained in the Orbiter and
SSMEs up to MECO, they do not cover what happens to that propellant during the
SSME shutdown sequence or the MPS propellant dump sequences. As there are dif-
ferent software procedures depending on the trajectory being flown, post MECO
propellant data has been broken down into four tables: Table 4.1.10 for the nominal
(normal, no-fail) trajectory; Table 4.1.11 for the AOA/Abort to Orbit (ATO) (one engine
out) trajectory; Table 4.1.12 for the TAL (one engine out) trajectory; and Table 4.1.13
for the RTLS (one engine out) trajectory. These tables are based on the CMMD,
CMM-0067, CMM-00167, and CMM-00198. The process for implementing the data in
these tables into ascent GN&C simulations is described in Paragraph 10.7.1, Mass
properties - MECO Command through MPS Dump.
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4.4.2 Orbital Maneuvering System (OMS)

The OMS propellant loading requirements are specified in NSTS 09095 and NSTS
08934, Volume Il. The minimum propellant load in the OMS tanks at launch is 2038
pounds of fuel and 3,362 pounds of oxidizer per pod. The propellant required consists
of the amount for nominal mission maneuvers plus an additional amount to satisfy a

V =250 feet per second (fps) requirements.

4.4.3 Reaction Control System (RCS)

The RCS propellant loading data are specified in NSTS 09095 and NSTS 08934,
Volume 1.
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TABLE 4.1
BASELINE PROPELLANT INVENTORIES - NOMINAL

The propellant inventories are based on the following conditions and assumptions

1 ET effective volume at 100% sensor (cryo, vented)
Effective volume = tank volume below sensor - bubble volume

2 Volumes are taken from the current MMC tanking tables for lightweight
ETs (LWT-7 and subsequent). LWT-7 and subsequent do not include an
LO, antigeyser line. The volumes of these tables have been modified for
changes due to height of load and ullage pressure.

3 Propellant densities and bulk temperatures were calculated by a
semiemperical method developed jointly by NASA MSFC, Rockwell ST&SG,
and MMC.

4 EMR over the time interval between SRB ignition and MECO is the ratio

of oxidizer/fuel supplied to the engine inlets. It includes propellants burned
by the engines as well as propellants bled from the engines for use in pres-
surizing the propellant tanks. EMR is given by the relation:

(LOZEsc) - (LOZBu) - (LOZLR) - (LOZSD) - (LOZVT)

SR = Wcso) — (FB) = (L) — (o) — (LHosg) — (L)
where
EMR = Engine mixture ratio (oxidizer/fuel)
ESC = Quantity loaded at engine start command, total (Ib,,)
BU = Quantity consumed during SSME thrust buildup and SRB ignition
delay (Iby,)
LR = Unusable liquid residuals, total (Iby)
SD = Quantity consumed during shutdown, total (Iby,)
VT = Quantity vented after SSME valve closure (Iby,)
FB = Fuel bias (Iby,)

5 OBMR is the ratio of oxidizer/fuel burned by the engines. It does not
include propellants supplied to the engines but used to pressurize the
propellant tanks. OBMR is given by the relation:

(LOZEsc) - (LOZBu) - (LOZLR) - (LOZPR) - (LOZSD) - (LOZVT)

OBMR =
(LHZESC) - (FB) - (LHZBU) - (LHZLR) - (LHZPR) - (LHZSD) - (LHZVT)
where
OBMR = Overboard mixture ratio (oxidizer/fuel)
PR = Quantity used for tank pressurization (Iby,)

All other items are as defined above.
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TABLE 4.1
BASELINE PROPELLANT INVENTORIES - NOMINAL - Concluded

6 The LO, drainback mass and drainback initiation time, OTR, depend on the
initial loading level as follows:

LO, Sensor X1 DB Mass Initiate DB
(%) (in) (Ibm) (sec)
100+ 409.48 7,190 —354
100 412.58 5,959 —295
100 — 415.48 4,717 —235
Drainback mass and drainback initiation time are related by the
equation:
_ (WDB — 5, 959)
OTR = [295 + W]
where:
OTR = Oxidizer terminate replenish time (seconds)

(Note that OTR is a negative number and that the nominal start
of drainback is 5 seconds after OTR)
WDB = Desired drainback mass (Ib,,)

7 The thrust buildup propellant loss (three SSMES) is the propellant
consumed during the 2.716-second delay for SRB start.

8 The Rated Power Level (RPL) for the SSMEs corresponds to an engine
thrust of 470,000 Ibs. Other engine power settings are referenced to this
value: e.g., Minimum Power Level (MPL) is 65% RPL and Full Power Level
(FPL) is 109% RPL.
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TABLE4.1.1

PROPELLANT INVENTORY REVISIONS VERSUS

STS FLIGHTS
INV.
FLIGHT REV. TABLES REASON FOR CHANGES

STS-26R G 42t04.7 1.1 Inch Stroke Limiter and Flight-specific FPR

STS-27R A 4.81t04.13 Flight-derived FPR and Updated Tank Volumes

STS-29 11SL 4.81t04.13 Flight-derived FPR and Updated Tank Volumes

STS-30R 11SL 4.81t04.13 Flight-derived FPR and Updated Tank Volumes

STS-34 11SL 4.81t04.13 Flight-derived FPR and Updated Tank Volumes

STS-33R 11SL 4.81t04.13 Flight-derived FPR and Updated Tank Volumes

STS-32R 11SL 4.81t04.13 Flight-derived FPR and Updated Tank Volumes

STS-36 AA 4.1410 4.19 LO» Drainback Increased from 5,640 to 5,800 Ib,

STS-31R AA 4.1410 4.19 LO» Drainback Increased from 5,640 to 5,800 Ib,

STS-41 AA 4.1410 4.19 LO, Drainback Increased from 5,640 to 5,800 Ib,

STS-38 BB 4.20t0 4.25 ET-40 & subs, Vented U1l Press Increased from 0.76
to 0.78 psi, Nose Cone AP decrease from 0.03 to 0.01
psi

STS-35 AA 4.1410 4.19 LO5 Drainback Increased from 5,640 to 5,800 Ib,

STS-37 AA 4.1410 4.19 LO» Drainback Increased from 5,640 to 5,800 lby,

STS-39 BB 4.20t0 4.25 ET-40 & subs, Vented U1l Press Increased from 0.76
to 0.78 psi, Nose Cone AP decrease from 0.03 to 0.01
psi

STS-40 CcC 4.26 t0 4.31 S/D power level changed to 67% RPL

STS-43 BB 4.20t0 4.25 ET-40 & subs, Vented U1l Press Increased from 0.76
to 0.78 psi, Nose Cone AP decrease from 0.03 to 0.01
psi

STS-48 CcC 4.26 to 4.31 S/D power level changed to 67% RPL

STS-44 PP12 4.26 to 4.31 S/D PL changed to 67% RPL, 12 Plugged LO, Post

STS-42 PP14 4.26 to 4.31 S/D PL changed to 67% RPL, 14 Plugged LO, Post

STS-45 CcC 4.26 t0 4.31 S/D power level changed to 67% RPL

STS-49 CcC 4.26 to 4.31 S/D power level changed to 67% RPL

STS-50 CcC 4.26 to 4.31 S/D power level changed to 67% RPL

STS-46 CcC 4.26 t0 4.31 S/D power level changed to 67% RPL

STS-47 CcC 4.26 to 4.31 S/D power level changed to 67% RPL

STS-52 CcC 4.26 to 4.31 S/D power level changed to 67% RPL
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TABLE4.1.1

PROPELLANT INVENTORY REVISIONS VERSUS
STS FLIGHTS - Continued

INV.
FLIGHT REV. TABLES REASON FOR CHANGES

STS-53 DD 4.32 to 4.37 Flight-derived FPR, FB, St & S/D Consumption,
Pressurants

STS-56 DD 4.32 to 4.37 Flight-derived FPR, FB, St & S/D Consumption,
Pressurants

STS-55 DD 4.32 to 4.37 Flight-derived FPR, FB, St & S/D Consumption,
Pressurants

STS-57 DD 4.32 to 4.37 Flight-derived FPR, FB, St & S/D Consumption,
Pressurants

STS-51 DD 4.32 to 4.37 Flight-derived FPR, FB, St & S/D Consumption,
Pressurants

STS-58 DD 4.32 to 4.37 Flight-derived FPR, FB, St & S/D Consumption,
Pressurants

STS-61 EE 4.38 t0 4.43 FY94 Update, Flight-derived Usages w/compatible
FPR & FB

STS-60 EE 4.38 t0 4.43 FY94 Update, Flight-derived Usages w/compatible
FPR & FB

STS-62 EE 4.38 t0 4.43 FY94 Update, Flight-derived Usages w/compatible
FPR & FB

STS-59 EE 4.38 t0 4.43 FY94 Update, Flight-derived Usages w/compatible
FPR & FB

STS-65 EE 4.38 t0 4.43 FY94 Update, Flight-derived Usages w/compatible
FPR & FB

STS-64 EE 4.38 t0 4.43 FY94 Update, Flight-derived Usages w/compatible
FPR & FB

STS-68 EE 4.38 t0 4.43 FY94 Update, Flight-derived Usages w/compatible
FPR & FB

STS-66 EE 4.38 t0 4.43 FY94 Update, Flight-derived Usages w/compatible
FPR & FB

STS-63 R9501 4.44 t0 4.49 FY95 Update, STS-68 Baseline Flight-derived Usages
with STS-61 Baseline FPR & FB

STS-67 R9501 4.44 t0 4.49 FY95 Update, STS-68 Baseline Flight-derived Usages
with STS-61 Baseline FPR & FB

STS-71 R9501 4.44 t0 4.49 FY95 Update, STS-68 Baseline Flight-derived Usages
with STS-61 Baseline FPR & FB

STS-70 R9501 4.44 t0 4.49 FY95 Update, STS-68 Baseline Flight-derived Usages
with STS-61 Baseline FPR & FB

STS-69 R9501 4.44 t0 4.49 FY95 Update, STS-68 Baseline Flight-derived Usages

with STS-61 Baseline FPR & FB
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TABLE4.1.1

PROPELLANT INVENTORY REVISIONS VERSUS
STS FLIGHTS - Continued

FLIGHT

INV.
REV.

TABLES

REASON FOR CHANGES

STS-73

R9501

4.44 10 4.49

FY95 Update, STS-68 Baseline Flight-derived Usages
with STS-61 Baseline FPR & FB

STS-74

R9501

4.44 10 4.49

FY95 Update, STS-68 Baseline Flight-derived Usages
with STS-61 Baseline FPR & FB

STS-72

R9501

4.44 10 4.49

FY95 Update, STS-68 Baseline Flight-derived Usages
with STS-61 Baseline FPR & FB

STS-75

R9501

4.44 10 4.49

FY95 Update, STS-68 Baseline Flight-derived Usages
with STS-61 Baseline FPR & FB

STS-76

R9501

4.44 10 4.49

FY95 Update, STS-68 Baseline Flight-derived Usages
with STS-61 Baseline FPR & FB

STS-77

R9601L

4.50 to 4.55

FY96 Update, STS-70 Baseline Flight-derived Usages
with STS-70 Baseline FPR & FB, Controller MR of
6.007 & LO, ullage pressure of 0.71 psig

STS-78

R9601L

4.50 to 4.55

FY96 Update, STS-70 Baseline Flight-derived Usages
with STS-70 Baseline FPR & FB, Controller MR of
6.007 & LO, ullage pressure of 0.71 psig

STS-79

R9605L

47410 4.79

FY96 Update, STS-78 Baseline OBMR with STS-70
Baseline FPR & FB, Controller MR of 6.020, LO» ullage
pressure of 0.71 psig, -500 Iby, LH, Load

STS-80

R9701L

4.80 to 4.85

FY97 Update, STS-78 Baseline SSMEs with STS-70
Baseline FPR & FB, Controller MR of 6.032, LO» ullage
pressure of 0.71 psig, -500 Iby, LH, Load

STS-81

R9701L

4.80 to 4.85

FY97 Update, STS-78 Baseline SSMEs with STS-70
Baseline FPR & FB, Controller MR of 6.032, LO» ullage
pressure of 0.71 psig, -500 Iby, LH, Load

STS-82

R9701L

4.80 to 4.85

FY97 Update, STS-78 Baseline SSMEs with STS-70
Baseline FPR & FB, Controller MR of 6.032, LO» ullage
pressure of 0.71 psig, -500 Iby, LH, Load

STS-83

R9701L

4.80 to 4.85

FY97 Update, STS-78 Baseline SSMEs with STS-70
Baseline FPR & FB, Controller MR of 6.032, LO» ullage
pressure of 0.71 psig, -500 Iby, LH, Load

STS-84

R9701L

4.80 to 4.85

FY97 Update, STS-78 Baseline SSMEs with STS-70
Baseline FPR & FB, Controller MR of 6.032, LO» ullage
pressure of 0.71 psig, -500 Iby, LH, Load

STS-94

R9702L

4.86 t0 4.91

FY97 Update, STS-78 Baseline SSMEs with STS-70
Baseline FPR & FB, Controller MR of 6.032, LO» ullage
pressure of 0.60 psig, -500 Iby, LH, Load

STS-85

R9702L

4.86 t0 4.91

FY97 Update, STS-78 Baseline SSMEs with STS-70
Baseline FPR & FB, Controller MR of 6.032, LO» ullage
pressure of 0.60 psig, -500 Iby, LH, Load
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TABLE4.1.1

PROPELLANT INVENTORY REVISIONS VERSUS
STS FLIGHTS - Continued

FLIGHT

INV.
REV. TABLES REASON FOR CHANGES

STS-86

R9702L 4.86t0 4.91 FY97 Update, STS-78 Baseline SSMEs with STS-70
Baseline FPR & FB, Controller MR of 6.032, LO» ullage
pressure of 0.60 psig, -500 Iby, LH, Load

STS-87

R9801L 4.92 to 4.97 FY98 Update, STS-81 Baseline Dispersions, LWT & FD
SSMEs Used for FPR & FB, Controller MR of 6.032, LO»
ull pr of 0.60 psig, -493 Iby, LH, Load

STS-89

R9802L 4.98 to 4.103 FY98 Update, STS-81 Baseline Dispersions, LWT &
SPEC SSMEs Used for FPR & FB, Controller MR of
6.032, LO> ull pr of 0.60 psig, -493 Ibyy, LH, Load

STS-90

R9801L 4.92 to 4.97 FY98 Update, STS-81 Baseline Dispersions, LWT & FD
SSMEs Used for FPR & FB, Controller MR of 6.032, LO»
ull pr of 0.60 psig, -493 Ibyy, LH, Load

STS-91

R9806S 4.110 to 4.115 FY98 Update, STS-81 Baseline Dispersions, SLWT &
SPEC SSMEs Used for FPR & FB, Controller MR of
6.032, LO> ull pr of 0.58 psig, -493 Ibyy, LH, Load

STS-95

R9806S 4.110 to 4.115 FY98 Update, STS-81 Baseline Dispersions, SLWT &
SPEC SSMEs Used for FPR & FB, Controller MR of
6.032, LO» ull pr of 0.58 psig, -493 Ibyy, LH, Load

STS-88

R9806S 4.110 to 4.115 FY98 Update, STS-81 Baseline Dispersions, SLWT &
SPEC SSMEs Used for FPR & FB, Controller MR of
6.032, LO> ull pr of 0.58 psig, -493 Ibyy, LH, Load

STS-96

R9806S 4.110 to 4.115 FY98 Update, STS-81 Baseline Dispersions, SLWT &
SPEC SSMEs Used for FPR & FB, Controller MR of
6.032, LO» ull pr of 0.58 psig, -493 Ibyy, LH, Load

STS-93

R9805S 4.104 to 4.109 FY98 Update, STS-81 Baseline Dispersions, SLWT &
FD SSMEs Used for FPR & FB, Controller MR of 6.032,
LOo ull pr of 0.58 psig, -493 Iby, LH, Load

STS-103

R9806S 4.110 to 4.115 FY98 Update, STS-81 Baseline Dispersions, SLWT &
SPEC SSMEs Used for FPR & FB, Controller MR of
6.032, LO» ull pr of 0.58 psig, -493 Ibyy, LH, Load

STS-99

R9802L 4.98 to 4.103 FY98 Update, STS-81 Baseline Dispersions, LWT &
SPEC SSMEs Used for FPR & FB, Controller MR of
6.032, LO> ull pr of 0.60 psig, -493 Iby, LH, Load

STS-101

R9806S 4.110 to 4.115 FY98 Update, STS-81 Baseline Dispersions, SLWT &
SPEC SSMEs Used for FPR & FB, Controller MR of
6.032, LO» ull pr of 0.58 psig, -493 Ibyy, LH, Load

STS-106

R0004S 4122 to 4.127 FYO00 Update, SLWT, STS-96 Baseline Flight Derived
Usage W/AIW Collector FPR & FB, Controller MR of
6.032, LO» ull pr of 0.79 psig, -459 Iby, LH, Load
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TABLE4.1.1

PROPELLANT INVENTORY REVISIONS VERSUS
STS FLIGHTS - Concluded

INV.
FLIGHT REV. TABLES REASON FOR CHANGES

STS-92 R0004S 4.122 to 4.127 FY00 Update, SLWT, STS-96 Baseline Flight Derived
Usage W/AIW Collector FPR & FB, Controller MR: 6.032,
LOo ull pr: 0.79 psig, -459 Iby, LH, Load

STS-97 R0004S 4.122 t0 4.127 FY00 Update, SLWT, STS-96 Baseline Flight Derived
Usage W/AIW Collector FPR & FB, Controller MR: 6.032,
LOo ull pr: 0.79 psig, -459 Iby, LH, Load

STS-98 R0004S 4.122 t0 4.127 FY00 Update, SLWT, STS-96 Baseline Flight Derived
Usage W/AIW Collector FPR & FB, Controller MR: 6.032,
LOo ull pr: 0.79 psig, -459 Iby, LH, Load

STS-102 R0004S 4.122 t0 4.127 FY00 Update, SLWT, STS-96 Baseline Flight Derived
Usage W/AIW Collector FPR & FB, Controller MR: 6.032,
LOo ull pr: 0.79 psig, -459 Iby, LH, Load

STS-100 R0004S 4.122 t0 4.127 FY00 Update, SLWT, STS-96 Baseline Flight Derived
Usage W/AIW Collector FPR & FB, Controller MR: 6.032,
LOo ull pr: 0.79 psig, -459 Iby, LH, Load

STS-104 R0004S 4.122 t0 4.127 FY00 Update, SLWT, STS-96 Baseline Flight Derived
Usage W/AIW Collector FPR & FB, Controller MR: 6.032,
LOo ull pr: 0.79 psig, -459 Iby, LH, Load

STS-105 R0104S 4.134 to 4.139 FYO01 Update, SLWT, STS-106 Baseline Dispersions

and FPR & FB, Controller MR: 6.032, LO» ull pr: 0.78
psig, -460 Iby, LH, Load
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TABLE 4.1.2

DAY-OF-LAUNCH MARGINS PROGRAM INPUTS (LWT)

MARGINS
VARIABLE
NAME DESCRIPTION (SPAD variable name) UNITS VALUE
MR OBMR n/a See Table 4.129*
FBIAS Nominal Fuel Bias (FUEL BIAS) by See Table 4.129*
LOXLOD Load at Engine Start Command, LO» Ibm See Table 4.129*
LH,LOD Load at Engine Start Command, LH» Ibm See Table 4.129*
WP Usable Impulse, Used at OBMR, Total by See Table 4.129*
UNMPS Unusable Propellant for MARGINS by See Table 4.129*
UNMPS = UNUSABLE
+ Fuel Bias (BIAS)
+ VENTED AFTER SSME VALVE CLOSURE
Note: Use TOTAL loads column for all variables
in equation
SXL Standard Deviation, LOX Load (LO, Load @ T, 10, NOR) Ibm See Table 8.4
SXH Standard Deviation, LH, Load (LH, Load @ T, 10, NOR) Ibm See Table 8.4
SXLNOP No PLOAD Standard Deviation, LOX Load (LO, Load @ Ibm See Table 8.4
To 1o, NOR)
SXHNOP No PLOAD Standard Deviation, LH» Load (LH, Load @ T, Ibm See Table 8.4
1o, NOR)
SXP Standard Deviation, MR (OBMR 1o, NOR) n/a See Table 8.4
SZL Standard Deviation, LOX Vapor (GO, Pressurant Ibm See Table 8.4
1o, NOR)
SZH Standard Deviation, LH, Vapor (GH, Pressurant Ibm See Table 8.4
1o, NOR)
GAM Propellant Sensitivity, Expressed as Delta WP/Delta n/a See Table 8.4
GLOW (Gamma, NOR)
SXC Standard Deviation, 6:1 Effects (Sigma 6:1) by See Table 4.128*
MUXC Mean, 6:1 Effects (Mean 6:1) Ibm See Table 4.128*
DRATE Drainback Rate Ibp/min | See Table 4.128*
DRATE = LO5 Drainback 1Iby/4.76667 min
(4.76667 min = 4 min 55 sec
minus 9 sec for Valve Closing)
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TABLE 4.1.2
DAY-OF-LAUNCH MARGINS PROGRAM INPUTS (LWT) - (Concluded)

MARGINS
VARIABLE
NAME DESCRIPTION (SPAD variable name) UNITS VALUE

LOXUNC 3-Sigma LOX Loading Uncertainty (LO, Load %) by See Table 8.1

LH,UNC 3-Sigma LH» Loading Uncertainty (LH, Load %) by See Table 8.1

ULXNOP No PLOAD 3-Sigma LOX Loading Uncertainty (LO» by See Table 8.1
Load %)

ULHNOP No PLOAD 3-Sigma LH» Loading Uncertainty (LH» by See Table 8.1
Load %)

* NOTE: Values are also published in TDDP
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TABLE 4.1.3

DAY-OF-LAUNCH MARGINS PROGRAM INPUTS (SLWT)

MARGINS
VARIABLE
NAME DESCRIPTION (SPAD variable name) UNITS VALUE
MR OBMR n/a See Table 4.135*
FBIAS Nominal Fuel Bias (FUEL BIAS) by See Table 4.135*
LOXLOD Load at Engine Start Command, LO» Ibm See Table 4.135*
LH,LOD Load at Engine Start Command, LH» Ibm See Table 4.135*
WP Usable Impulse, Used at OBMR, Total by See Table 4.135*
UNMPS Unusable Propellant for MARGINS by See Table 4.135*
UNMPS = UNUSABLE
+ Fuel Bias (BIAS)
+ VENTED AFTER SSME VALVE CLOSURE
Note: Use TOTAL loads column for all variables
in equation
SXL Standard Deviation, LOX Load (LO, Load @ T, 10, NOR) Ibm See Table 8.4
SXH Standard Deviation, LH, Load (LH, Load @ T, 10, NOR) Ibm See Table 8.4
SXLNOP No PLOAD Standard Deviation, LOX Load (LO, Load @ Ibm See Table 8.4
To 1o, NOR)
SXHNOP No PLOAD Standard Deviation, LH» Load (LH, Load @ T, Ibm See Table 8.4
1o, NOR)
SXP Standard Deviation, MR (OBMR 1o, NOR) n/a See Table 8.4
SZL Standard Deviation, LOX Vapor (GO, Pressurant Ibm See Table 8.4
1o, NOR)
SZH Standard Deviation, LH, Vapor (GH, Pressurant Ibm See Table 8.4
1o, NOR)
GAM Propellant Sensitivity, Expressed as Delta WP/Delta n/a See Table 8.4
GLOW (Gamma, NOR)
SXC Standard Deviation, 6:1 Effects (Sigma 6:1) by See Table 4.134*
MUXC Mean, 6:1 Effects (Mean 6:1) Ibm See Table 4.134*
DRATE Drainback Rate Ibp/min | See Table 4.134*
DRATE = LO5 Drainback 1Iby/4.76667 min
(4.76667 min = 4 min 55 sec
minus 9 sec for Valve Closing)
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TABLE 4.1.3
DAY-OF-LAUNCH MARGINS PROGRAM INPUTS (SLWT) - (Concluded)

MARGINS
VARIABLE
NAME DESCRIPTION (SPAD variable name) UNITS VALUE
LOXUNC 3-Sigma LOX Loading Uncertainty (LO, Load %) by See Table 8.1
LH,UNC 3-Sigma LH» Loading Uncertainty (LH, Load %) by See Table 8.1
ULXNOP No PLOAD 3-Sigma LOX Loading Uncertainty (LO» by See Table 8.1
Load %)
ULHNOP No PLOAD 3-Sigma LH» Loading Uncertainty (LH» by See Table 8.1
Load %)

*NOTE: Values are also published in TDDP
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LWT TANKING TABLE DATA, LWT-68 AND SUBS

TABLE 4.1.4

LO, Level Tank X7 | Vol (ft3) @ | Vol (ft3) @ | Vol (ft3) @ | Vol (ft3) @
Sensor Location 0.00 psig 0.27 psig 0.76 psig | 21.00 psig
Overfill 399.69 19,551.79 19,552.44 19,553.63 19,601.99
100% + 409.48 19,504.07 19,504.72 19,505.91 19,554.22
100% 412.58 19,486.25 19,486.89 19,488.08 19,536.36
100% - 415.48 19,468.32 19,468.97 19,470.16 19,518.41
98% 455.00 19,093.64 19,094.29 19,095.46 19,142.72
LH, Level Tank X7 | Vol (ft3) @ | Vol (ft3) @ | Vol (ft3) @ | Vol (ft3) @
Sensor Location 0.00 psig 0.15 psig 0.30 psig | 27.75 psig
Overfill 1,033.40 52,734.17 52,735.57 52,736.95 52,991.74
100% + 1,040.60 52,609.29 52,610.68 52,612.06 52,865.88
100% 1,044.60 52,525.94 52,527.33 52,528.71 52,781.91
100% - 1,048.50 52,435.58 52,436.98 52,438.34 52,690.94
98% 1,102.10 50,486.71 50,488.02 50,489.32 50,728.35
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TABLE 4.1.5
SLWT TANKING TABLE DATA, SLWT-01 AND SUBS

LO, Level Tank X7 | Vol (ft3) @ | Vol (ft3) @ | Vol (ft3) @ | Vol (ft3) @
Sensor Location 0.00 psig 0.30 psig 0.76 psig | 22.00 psig
Overfill 399.69 19,565.35 19,566.13 19,567.33 19,622.86
100% + 409.48 19,519.16 19,519.93 19,521.11 19,575.44
100% 412.58 19,501.87 19,502.63 19,503.80 19,657.72
100% - 415.48 19,484 .43 19,485.19 19,486.35 19,539.87
98% 455.00 19,117.13 19,117.79 19,118.81 19,165.87
LH, Level Tank X7 | Vol (ft3) @ | Vol (ft3) @ | Vol (ft3) @ | Vol (ft3) @
Sensor Location 0.00 psig 0.15 psig 0.30 psig | 29.30 psig
Overfill 1,033.40 52,749.35 52,751.09 52,752.84 53,090.40
100% + 1,040.60 52,623.86 52,625.60 52,627.35 52,964.97
100% 1,044.60 52,540.27 52,542.01 52,543.76 52,881.61
100% - 1,048.50 52,449.72 52,451.46 52,453.21 52,790.94
98% 1,102.10 50,500.38 50,502.09 50,503.80 50,834.26
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TABLE 4.1.6

LO, ULLAGE PRESSURE REDUCTION EQUATIONS, CURVE FIT
COEFFICIENTS

Equation | Constant x Term x2 Term x3 Term x4 Term
coeff_nom 1.999360 | —2.0031373E-04 1.4885179E-08 —5.8646843E-13 9.1265103E-18
coeff_max 2.696281 | —4.1096495E-04 4.5381444E-08 —2.3830885E-12 4.5648571E-17
coeff_min 1.485296 | —5.1531559E-05 | —6.2601861E-09 6.2773414E-13 —1.4962420E-17
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TABLE 4.1.7

VENTED AND PRESSURIZED LH, PROPELLANT BULK CONDITIONS

VERSUS GH, ULLAGE PRESSURE

Ullage Vented (@ EOR) Pressurized (@ ESC)
Pressure Bulk Density | Bulk Temperature | Bulk Density | Bulk Temperature
(psia) (Iby/ft3) (°R) (Iby/ft3) (°R)
14.0 4.426672 36.33 4.435718 36.53
14.1 4.424995 36.37 4.434008 36.57
14.2 4.423323 36.41 4.432303 36.61
14.3 4.421655 36.45 4.430601 36.65
14.4 4.419991 36.49 4.428903 36.69
145 4.418332 36.54 4.427209 36.74
14.6 4.416676 36.58 4.425520 36.78
14.7 4.415025 36.62 4.423834 36.82
14.8 4.413379 36.66 4.422152 36.86
14.9 4.411736 36.70 4.420475 36.90
15.0 4.410098 36.74 4.418802 36.94
15.1 4.408465 36.78 4.417132 36.98
15.2 4.406836 36.82 4.415467 37.02
15.3 4.405211 36.86 4.413806 37.06
154 4.403591 36.91 4.412150 37.11
155 4.401975 36.95 4.410497 37.15
15.6 4.400364 36.99 4.408849 37.19
15.7 4.398757 37.02 4.407206 37.22
15.8 4.397155 37.06 4.405566 37.26
15.9 4.395558 37.10 4.403931 37.30
16.0 4.393965 37.14 4.402300 37.34
16.1 4.392377 37.18 4.400674 37.38
16.2 4.390794 37.22 4.399052 37.42
16.3 4.389215 37.26 4.397435 37.46
16.4 4.387641 37.30 4.395822 37.50
16.5 4.386072 37.34 4.394214 37.54
16.6 4.384508 37.38 4.392610 37.58
16.7 4.382949 37.41 4.391011 37.61
16.8 4.381394 37.45 4.389416 37.65
16.9 4.379844 37.49 4.387826 37.69
17.0 4.378300 37.53 4.386241 37.73
17.1 4.376760 37.56 4.384660 37.76
17.2 4.375225 37.60 4.383084 37.80
17.3 4.373695 37.64 4.381513 37.84
17.4 4.372170 37.68 4.379947 37.88
17.5 4.370651 37.71 4.378385 37.91
17.6 4.369136 37.75 4.376828 37.95
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TABLE 4.1.8

VENTED AND PRESSURIZED LO, PROPELLANT BULK CONDITIONS

VERSUS GO, ULLAGE PRESSURE

Ullage Vented (@ EOR) Pressurized (@ ESC)
Pressure Bulk Density | Bulk Temperature | Bulk Density | Bulk Temperature
(psia) (Iby/ft3) (°R) (Iby/ft3) (°R)
14.6 71.309962 161.95 71.317975 162.02
14.7 71.287595 162.08 71.295541 162.15
14.8 71.265298 162.21 71.273176 162.28
14.9 71.243071 162.34 71.250881 162.41
15.0 71.220915 162.47 71.228656 162.54
15.1 71.198829 162.59 71.206501 162.66
15.2 71.176813 162.72 71.184415 162.79
15.3 71.154867 162.85 71.162400 162.92
15.4 71.132992 162.98 71.140456 163.05
15.5 71.111188 163.10 71.118581 163.17
15.6 71.089455 163.23 71.096777 163.30
15.7 71.067792 163.35 71.075044 163.42
15.8 71.046201 163.48 71.053381 163.55
15.9 71.024680 163.60 71.031789 163.67
16.0 71.003231 163.73 71.010268 163.80
16.1 70.981853 163.85 70.988818 163.92
16.2 70.960547 163.97 70.967439 164.04
16.3 70.939312 164.09 70.946131 164.16
16.4 70.918149 164.22 70.924895 164.29
16.5 70.897057 164.34 70.903730 164.41
16.6 70.876037 164.46 70.882636 164.53
16.7 70.855090 164.58 70.861614 164.65
16.8 70.834214 164.70 70.840663 164.77
16.9 70.813410 164.82 70.819784 164.89
17.0 70.792678 164.94 70.798978 165.01
17.1 70.772019 165.06 70.778243 165.13
17.2 70.751432 165.17 70.757580 165.24
17.3 70.730918 165.29 70.736989 165.36
17.4 70.710476 165.41 70.716471 165.48
17.5 70.690107 165.53 70.696025 165.60
17.6 70.669811 165.64 70.675651 165.71
NSTS 08209, Volume | 4-19 CHANGE NO. 47

Revision B




TABLE 4.1.9
PLOAD PROGRAM INPUTS, LWT AND SLWT

Input Name

Data Type

Description (Units)

Value

lox_volume_coeff

float (array size 2)

Volume of LO», tank occu-
pied by LO, at the 100%
#1 sensor (ft3)

lox_volume_coeff (b and m)
are the constants in the
point slope equation
y=mx + b.

Solve for the coefficients by
constructing 2 equations,
using data from the 2 col-
umns bracketing the opera-
tional pressure range.

Let x1 = the psig of the
lower bound and x2 = the
psig of the upper bound
Let yl = the LO, 100%
level sensor volume for x1
Let y2 = the LO, 100%
level sensor volume for x2

LWT

Table 4.1.4

SLWT - Table 4.1.5

Ih2_volume_coeff

float (array size 2)

Volume of LH, tank occu-
pied by LH, at the 100%
#1 sensor (ft3)

Ih2_volume_coeff (b and

m) are the constants in the
point slope equation
y=mx + b.

Solve for the coefficients
by constructing 2 equa-
tions, using data from the
2 columns bracketing the
operational pressure
range.

Let x1 = the psig of the
lower bound and x2 = the
psig of the upper bound
Let yl = the LO, 100%
level sensor volume for x1
Let y2 = the LO, 100%
level sensor volume for x2

LWT

Table 4.1.4

SLWT - Table 4.1.5
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TABLE 4.1.9

PLOAD PROGRAM INPUTS, LWT AND SLWT - Continued

Input Name Data Type Description (Units) Value

lox_bubble_volume float Volume of helium bubble LWT - Table 4.128
in LO, tank (ft3) SLWT - Table 4.134

Ih2_bubble_volume float Volume of helium bubble LWT - Table 4.128
in LH, tank (ft3) SLWT - Table 4.134

nose_cap_pressure | float Nose cap positive pres- LWT - Table 4.128
sure due to purge gas flow | SLWT - Table 4.134
(psid)

lox_drain float Nominal amount of LO, LWT - Table 4.128
lost due to drainback, etc. | SLWT - Table 4.134
from EOR to ESC (Iby)

Ih2_drain float Nominal amount of LH» LWT - Table 4.129
lost due to boil off, etc. SLWT - Table 4.135
from EOR to ESC (Iby)

lox_mass_in_lines float LO, mass in Orbiter (Iby,) LWT - Table 4.129

SLWT - Table 4.135
lox_mass_in_lines =
LO, in ORB LINES
+ LO, in SSME x 3
Note: Use Load at Engine
Start Command for both
variables
Ih2_mass_in_lines float LH, mass in Orbiter (Iby) LWT - Table 4.129
SLWT - Table 4.135
Ih2_mass_in_lines =
LH, in ORB LINES
+ LH5 in SSME x 3
Note: Use Load at Engine
Start Command for both
variables
lox_reference_load float LO, TDDP load at Engine | LWT - Table 4.129

Start Command (Ibyy,)

SLWT - Table 4.135
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TABLE 4.1.9
PLOAD PROGRAM INPUTS, LWT AND SLWT - (Concluded)

Input Name

Data Type

Description (Units)

Value

Ih2_reference_load

float

LH, TDDP load at Engine
Start Command (Ibyy,)

LWT - Table 4.129
SLWT - Table 4.135

coeff_nom

float (array size 5)

Polynomial coefficients for
nominal LO, ullage pres-
sure decay

All Inv - Table 4.1.6

coeff_max

float (array size 5)

Polynomial coefficients for
maximum LO» ullage pres-
sure decay

All Inv - Table 4.1.6

coeff_min

float (array size 5)

Polynomial coefficients for
minimum LO, ullage pres-
sure decay

All Inv - Table 4.1.6

ullage_pressure

float (array size
50)

Ullage pressure for LO, or
LH» (psia)

All Inv - Table 4.1.7
and Table 4.1.8

bulk_density

float (array size
50)

Bulk density for LO, or
LH, (Ib/ft3)

All Inv - Table 4.1.7
and Table 4.1.8
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TABLE 4.1.10

ORBITER MPS PROPELLANT DUMP PERFORMANCE SUMMARY
(NO-FAIL TRAJECTORY)

Propellant Mass, Iby,

Parameter LO, LH,

Propellant mass at MECO 48022 365
Propellant loss from MECO to ET separation

Vented after SSME Valve Closure 172 58

Helium POGO injection (10 ft3) 710b N/A

Disconnect closure (0.7 ft3) 50 3
Propellant mass at ET separation 3870 304
Propellant loss from ET separation to start of dump

HPOTP seal leakage (120 seconds) 270 N/A

LH> feedline venting (110 seconds) N/A 157
Propellant mass at start of dump 3600 147

Propellant mass dumped 3400 143
Propellant mass at end of dump <200 <4

Mass dumped during fill/drain line vacuum inerting <200 <4
Propellant mass at touchdown 0 0

@ The LO, propellant mass at MECO, for LLCO, is 4,052 Ib,, (three SSMEs at 67%
RPL) instead of the 4,802 Ib,, for guided MECO.

b Helium POGO injection displaces LO, into ET during SSME shutdown.
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TABLE 4.1.11

ORBITER MPS PROPELLANT DUMP PERFORMANCE SUMMARY
(AOA/ATO TRAJECTORY, ONE ENGINE OUT)

Propellant Mass, Iby,

Parameter LO, LH,

Propellant mass at MECO 45082 346
Propellant loss from MECO to ET separation

Vented after SSME Valve Closure 115 39

Helium POGO injection (6.67 ft3) 473b N/A

Disconnect closure (0.7 ft3) 50 3
Propellant mass at ET separation 3870 304
Propellant loss from ET separation to start of dump

HPOTP seal leakage (120 seconds) 270 N/A

LH> feedline venting (110 seconds) N/A 157
Propellant mass at start of dump 3600 147

Propellant mass dumped 3400 143
Propellant mass at end of dump <200 <4

Mass dumped during fill/drain line vacuum inerting <200 <4
Propellant mass at touchdown 0 0

@ The LO5 propellant mass at MECO, for LLCO, is 4,188 Ib,, (two SSMEs at 91% RPL)
instead of the 4,508 Ib,, for guided MECO.

b Helium POGO injection displaces LO, into ET during two SSMEs shutdown.
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TABLE 4.1.12

ORBITER MPS PROPELLANT DUMP PERFORMANCE SUMMARY
(TAL TRAJECTORY, ONE ENGINE OUT)

Propellant Mass, Iby,

Parameter LO, LH,

Propellant mass at MECO 45082 346
Propellant loss from MECO to ET separation

Vented after SSME Valve Closure 115 39

Helium POGO injection (6.67 ft3) 473b N/A

Disconnect closure (0.7 ft3) 50 3
Propellant mass at ET separation 3870 304
Propellant loss from ET separation to start of dump

HPOTP seal leakage (0 seconds) 0 N/A

LH> feedline venting (30 seconds) N/A 51
Propellant mass at start of dump 3870 253

Propellant mass dumped 3870 253
Propellant mass at end of dump <1 <1

Mass dumped during fill/drain line vacuum inerting <1 <1
Propellant mass at touchdown 0 0

@ The LO5 propellant mass at MECO, for LLCO, is 4,188 Ib,, (two SSMEs at 91% RPL)
instead of the 4,508 Ib,, for guided MECO.

b Helium POGO injection displaces LO, into ET during two SSMEs shutdown.
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TABLE 4.1.13

ORBITER MPS PROPELLANT DUMP PERFORMANCE SUMMARY
(RTLS TRAJECTORY, ONE ENGINE OUT)

Propellant Mass, Iby,

Parameter LO, LH,

Propellant mass at MECO 45082 346
Propellant loss from MECO to ET separation

Vented after SSME Valve Closure 115 39

Helium POGO injection (6.67 ft3) 473b N/A

Disconnect closure (0.7 ft3) 50 3
Propellant mass at ET separation 3870 304
Propellant loss from ET separation to start of dump

HPOTP seal leakage 0 N/A

LH, feedline venting (15 seconds) N/A 28
Propellant mass at start of dump 3870 276

Propellant mass dumped 3870 275
Propellant mass at end of dump <1 <2

Mass dumped during fill/drain line vacuum inerting <1 <2
Propellant mass at touchdown 0 0

@ The LO, propellant mass at MECO, for LLCO, is 4,250 Ib,, (two SSMEs at 67% RPL)
instead of the 4,508 Ib,, for guided MECO.

b Helium POGO injection displaces LO, into ET during two SSMEs shutdown.
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TABLES 4.2 THRU 4.127 — (RELOCATED TO NEW APPENDIX G)
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TABLE 4.128
STS-GEN R0103L MPS PROPELLANT INVENTORY INPUT SHEET

(NO FAIL)
ITEM LO, LH»
Vented Ullage Pressure (psig) = 0.79 0.20
Unusable: LO, Line, LH, Tank + Line (Iby,) = 511.2 720.0
Unpressurized Density (Iby,/ft3) = 71.129717 4.412557
Pressurized Density (Iby,/ft3) = 71.137170 4421313
Sensor Station (X) = 412.58 1044.60
Percent Ullage Volume at ESC (%) 1.573717 1.720268
Bubble Volume (ft3) = 40.00 162.50
Total Tank Vol (Pressurized) (ft3) = 19671.92 53152.43
Tank Volume Below Sensor (Vented) (ft3) = 19488.14 52527.79
LO, Drainback (Ibyy) = 5958.7 Fuel Bias (Iby) = 1112
LO, ECO Timer (sec) = 0.3580 Min LO, NPSP (psi) 6.1000
Range = ETR System MR (MRU) 6.0414
Atmos Press (psia) = 1475 Nosecap Del P (psid) = 0.01
LH, Alt Corr (psid) = =01 LO, Alt Corr (psid) = -0.13
Mean 6:1 = 69.0 Sigma 6:1 = 843.0
Mean Non 6:1 = 1230 Sigma Non 6:1 516.47
Sigma Level = 3.00 Mean + 3-Sigma FPR = 3046.77
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TABLE 4.129

STS-GEN R0103L MPS PROPELLANT INVENTORY LOAD SHEET

(NO FAIL)

Fuel Bias = 1112. Throttle Setting NOM/AOA = 104.5/104.5 SYSTEM MR = 6.0414

Total FPR = 3047. % ULL O, =1.57 SIGMA = 3.000 OBMR = 6.0550

CNTRL MR = 6.03200 9% ULL H, =1.72 LH, LO» TOTAL
Loaded 231372.  1387970. 1619342.
ORB Lines 249. 3304. 3553.
SSME x 3 58. 1325. 1383.
ET (HXT = 1044.6 HUP = .20 LXT = 412.58 LUP = 0.785) 231065.  1383341. 1614406.
Loss Prior to Eng Start CMD DBT  4.M:55.S 104. 5959. 6063.
Boil off, Drainback, etc. 104. 5959. 6063.
Load at Engine Start Command 231268. 1382011. 1613279.
ORB Lines 249. 3304. 3553.
SSME x 3 58. 1325. 1383.
ET 230961. 1377382. 1608343.
Transferred from ET to SSME x 3 58. 172. 230.
Loss for THR Buildup and SRB IGN Delay 1796. 9534. 11330.
Load at SRB Ignition Command 229472.  1372477. 1601949.
ORB Lines 249. 3304. 3553.
SSME x 3 116. 1497. 1613.
ET 229107. 1367676. 1596783.
Unusable 2000. 4814. 6814.
ORB Lines (LO, ECO T = 0.358 NPSP = 6.1) 249. 511. 760.
SSME x 3 58. 1325. 1383.
ET Wet Walls, Bellows 0. 175. 175.
ET. LH, Lines and Tank; LO, Lines 720. 0. 720.
Flight Press 974. 2803. 3776.
Usable Reserves 1544, 2615. 4158.
ORB Lines (FPR) 0. 2615. 2615.
SSME x 3 0. 0. 0.
ET (FPR) 432. 0. 432.
Bias 1112. 0. 1112.
Usable Impulse 225928.  1365048. 1590976.
Used at OBMR 225180. 1363474. 1588655.
Shutdown Consumption 690. 1402. 2092.
0 SSMEs from NOM PCT Throttle Setting 0. 0. 0.
3 SSMEs from 67 PCT Throttle Setting 690. 1402. 2092.
Vented after SSME Valve Closure 58. 172. 230.
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TABLE 4.130

STS-GEN R0103L MPS PROPELLANT INVENTORY INPUT SHEET

(AOA/TAL)
ITEM LO, LH»

Vented Ullage Pressure (psig) = 0.79 0.20

Unusable: LO, Line, LH, Tank + Line (Iby,) = 1441.4 810.0

Unpress Density (Iby/ft3) = 71.129717 4.412557

Press Density (Iby,/ft3) = 71.137170 4421313

Sensor Station (X) = 412.58 1044.60

Percent Ullage Vol at ESC (%) = 1.573717 1.720268

Bubble Vol (ft3) = 40.00 162.50

Total Tank Vol (Pressurized) (ft3) = 19671.92 53152.43

Tank Vol Below Sensor (Vented) (ft3) = 19488.14 52527.79
LO, Drainback (Ibyy) = 5958.7 Fuel Bias (Iby) = 1069
LO, ECO Timer (sec) = 0.0000 Min LO, NPSP (psi) 7.7000
Range = ETR System MR (MRU) 6.0414
Atmos Press (psia) = 1475 Nosecap Del P (psid) = 0.01
LH, Alt Corr (psid) = =01 LO, Alt Corr (psid) = -0.13
Mean 6:1 = 208.0 Sigma 6:1 = 865.0
Mean Non 6:1 = 2209 Sigma Non 6:1 495.00
Sigma Level = 2.00 Mean + 2-Sigma FPR = 2224.70
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TABLE 4.131

STS-GEN R0103L MPS PROPELLANT INVENTORY LOAD SHEET

(AOA/TAL)

Fuel Bias =  1069. Throttle Setting NOM/AOA =104.5/104.5 SYSTEM MR = 6.0414

Total FPR = 2225. % ULL O, =1.57 SIGMA = 2.000 OBMR = 6.0565

CNTRL MR = 6.03200 9% ULL H, =1.72 LH, LO» TOTAL
Loaded 231372.  1387970. 1619342.
ORB Lines 249. 3304. 3553.
SSME x 3 58. 1325. 1383.
ET (HXT = 1044.6 HUP = .20 LXT = 412.58 LUP = 0.785) 231065.  1383341. 1614406.
Loss Prior to Eng Start CMD DBT  4.M:55.S 104. 5959. 6063.
Boil off, Drainback, etc. 104. 5959. 6063.
Load at Engine Start Command 231268. 1382011. 1613279.
ORB Lines 249. 3304. 3553.
SSME x 3 58. 1325. 1383.
ET 230961. 1377382. 1608343.
Transferred from ET to SSME x 3 58. 172. 230.
Loss for THR Buildup and SRB IGN Delay 1796. 9534. 11330.
Load at SRB Ignition Command 229472.  1372477. 1601949.
ORB Lines 249. 3304. 3553.
SSME x 3 116. 1497. 1613.
ET 229107. 1367676. 1596783.
Unusable 2159. 5829. 7988.
ORB Lines (LO, ECO T = 0.000 NPSP = 7.7) 249. 1441. 1690.
SSME x 3 58. 1325. 1383.
ET Wet Walls, Bellows 0. 175. 175.
ET. LH, Lines and Tank; LO, Lines 810. 0. 810.
Flight Press 1042. 2887. 3930.
Usable Reserves 1384. 1909. 3294.
ORB Lines (FPR) 0. 1863. 1863.
SSME x 3 0. 0. 0.
ET (FPR) 315. 47. 362.
Bias 1069. 0. 1069.
Usable Impulse 225928.  1364739. 1590667.
Used at OBMR 224948.  1362401. 1587349.
Shutdown Consumption 922. 2165. 3088.
1 SSME from NOM PCT Throttle Setting 332. 802. 1134.
2 SSMEs from 91 PCT Throttle Setting 590. 1363. 1954,
Vented after SSME Valve Closure 58. 172. 230.
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TABLE 4.132
STS-GEN R0103L MPS PROPELLANT INVENTORY INPUT SHEET

(RTLS)
ITEM LO, LH»

Vented Ullage Pressure (psig) = 0.79 0.20

Unusable: LO, Line, LH, Tank + Line (Iby,) = 2219.5 920.0

Unpress Density (Iby/ft3) = 71.129717 4.412557

Press Density (Iby,/ft3) = 71.137170 4421313

Sensor Station (X) = 412.58 1044.60

Percent Ullage Vol at ESC (%) = 1.573717 1.720268

Bubble Vol (ft3) = 40.00 162.50

Total Tank Vol (Pressurized) (ft3) = 19671.92 53152.43

Tank Vol Below Sensor (Vented) (ft3) = 19488.14 52527.79
LO, Drainback (Ibyy) = 5958.7 Fuel Bias (Iby) = 1148
LO, ECO Timer (sec) = 0.0000 Min LO, NPSP (psi) 7.5000
Range = ETR System MR (MRU) 6.0414
Atmos Press (psia) = 1475 Nosecap Del P (psid) = 0.01
LH, Alt Corr (psid) = =01 LO, Alt Corr (psid) = -0.13
Mean 6:1 = 138.0 Sigma 6:1 = 862.0
Mean Non 6:1 = 13.21 Sigma Non 6:1 488.00
Sigma Level = 3.00 Mean + 3-Sigma FPR = 3124.17
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TABLE 4.133

STS-GEN R0103L MPS PROPELLANT INVENTORY LOAD SHEET

(RTLS)

Fuel Bias = 1148. Throttle Setting NOM/AOA = 104.5/104.5 SYSTEM MR = 6.0414

Total FPR = 3124. % ULL O, =1.57 SIGMA = 3.000 OBMR = 6.0559

CNTRLMR = 6.03200 % ULLH,=1.72 LH> LO, TOTAL
Loaded 231372.  1387970. 1619342.
ORB Lines 249. 3304. 3553.
SSME % 3 58. 1325. 1383.
ET (HXT = 1044.6 HUP = .20 LXT = 412.58 LUP = 0.785) 231065. 1383341. 1614406.
Loss Prior to Eng Start CMD DBT  4.M:55.S 104. 5959. 6063.
Boil off, Drainback, etc. 104. 5959. 6063.
Load at Engine Start Command 231268. 1382011. 1613279.
ORB Lines 249. 3304. 3553.
SSME % 3 58. 1325. 1383.
ET 230961. 1377382. 1608343.
Transferred from ET to SSME X 3 58. 172. 230.
Loss for THR Buildup and SRB IGN Delay 1796. 9534. 11330.
Load at SRB Ignition Command 229472. 1372477. 1601949.
ORB Lines 249. 3304. 3553.
SSME % 3 116. 1497. 1613.
ET 229107. 1367676. 1596783.
Unusable 2235. 6530. 8765.
ORB Lines (LO, ECO T = 0.000 NPSP = 7.5) 249. 2220. 2469.
SSME % 3 58. 1325. 1383.
ET Wet Walls, Bellows 0. 175. 175.
ET. LH, Lines and Tank; LO, Lines 920. 0. 920.
Flight Press 1008. 2811. 38109.
Usable Reserves 1591. 2681. 4272.
ORB Lines (FPR) 0. 1084. 1084.
SSME % 3 0. 0. 0.
ET (FPR) 443, 1597. 2040.
Bias 1148. 0. 1148.
Usable Impulse 225647. 1363265. 1588912.
Used at OBMR 224797. 1361356. 1586153.
Shutdown Consumption 792. 1737. 2529.
1 SSME from NOM PCT Throttle Setting 332. 802. 1134.
2 SSMEs from 67 PCT Throttle Setting 460. 935. 1394,
Vented after SSME Valve Closure 58. 172. 230.
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TABLE 4.134
STS-GEN R0104S MPS PROPELLANT INVENTORY INPUT SHEET

(NO FAIL)
ITEM LO, LH»

Vented Ullage Pressure (psig) = 0.78 0.27

Unusable: LO, Line, LH, Tank + Line (Iby,) = 511.2 720.0

Unpress Density (Iby/ft3) = 71.130590 4.411490

Press Density (Iby,/ft3) = 71.138046 4.420224

Sensor Station (X) = 412.58 1044.60

Percent Ullage Vol at ESC (%) = 1.515790 1.831350

Bubble Vol (ft3) = 40.00 162.50

Total Tank Vol (Pressurized) (ft3) = 19676.30 53228.64

Tank Vol Below Sensor (Vented) (ft3) = 19503.85 52543.35
LO, Drainback (Ibyy) = 5958.7 Fuel Bias (Iby) = 937
LO, ECO Timer (sec) = 0.3580 Min LO, NPSP (psi) 6.1000
Range = ETR System MR (MRU) 6.0414
Atmos Press (psia) = 1475 Nosecap Del P (psid) = 0.01
LH, Alt Corr (psid) = =01 LO, Alt Corr (psid) = -0.13
Mean 6:1 = 69.0 Sigma 6:1 = 843.0
Mean Non 6:1 = 33.67 Sigma Non 6:1 514.53
Sigma Level = 3.00 Mean + 3-Sigma FPR = 3065.20
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TABLE 4.135

STS-GEN R0104S MPS PROPELLANT INVENTORY LOAD SHEET

(NO FAIL)

Fuel Bias = 937. Throttle Setting NOM/AOA = 104.5/104.5 SYSTEM MR = 6.0414

Total FPR = 3065. % ULL O, =1.52 SIGMA = 3.000 OBMR = 6.0550

CNTRL MR = 6.03200 % ULL H, =1.83 LH, LO» TOTAL
Loaded 231385. 1389104. 1620489.
ORB Lines 249. 3304. 3553.
SSME x 3 58. 1325. 1383.
ET (HXT = 1044.6 HUP = .265 LXT = 412.58 LUP = 0.781) 231078. 1384475. 1615553.
Loss Prior to Eng Start CMD DBT  4.M:55.S 104. 5959. 6063.
Boil off, Drainback, etc. 104. 5959. 6063.
Load at Engine Start Command 231281. 1383146. 1614426.
ORB Lines 249. 3304. 3553.
SSME x 3 58. 1325. 1383.
ET 230974. 1378517. 1609490.
Transferred from ET to SSME x 3 58. 172. 230.
Loss for THR Buildup and SRB IGN Delay 1796. 9534. 11330.
Load at SRB Ignition Command 229485. 1373611. 1603096.
ORB Lines 249. 3304. 3553.
SSME x 3 116. 1497. 1613.
ET 229120. 1368810. 1597930.
Unusable 2000. 4814. 6814.
ORB Lines (LO, ECO T = 0.358 NPSP = 6.1) 249. 511. 760.
SSME x 3 58. 1325. 1383.
ET Wet Walls, Bellows 0. 175. 175.
ET. LH, Lines and Tank; LO, Lines 720. 0. 720.
Flight Press 974. 2803. 3776.
Usable Reserves 1371. 2631. 4002.
ORB Lines (FPR) 0. 2631. 2631.
SSME x 3 0. 0. 0.
ET (FPR) 434. 0. 434.
Bias 937. 0. 937.
Usable Impulse 226113. 1366167. 1592280.
Used at OBMR 225365. 1364593. 1589959.
Shutdown Consumption 690. 1402. 2092.
0 SSMEs from NOM PCT Throttle Setting 0. 0. 0.
3 SSMEs from 67 PCT Throttle Setting 690. 1402. 2092.
Vented after SSME Valve Closure 58. 172. 230.
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TABLE 4.136
STS-GEN R0104S MPS PROPELLANT INVENTORY INPUT SHEET

(AOA/TAL)
ITEM LO, LH»

Vented Ullage Pressure (psig) = 0.78 0.27

Unusable: LO, Line, LH, Tank + Line (Iby,) = 1441.4 810.0

Unpress Density (Iby/ft3) = 71.130590 4.411490

Press Density (Iby,/ft3) = 71.138046 4.420224

Sensor Station (X) = 412.58 1044.60

Percent Ullage Vol at ESC (%) = 1.515790 1.831350

Bubble Vol (ft3) = 40.00 162.50

Total Tank Vol (Pressurized) (ft3) = 19676.30 53228.64

Tank Vol Below Sensor (Vented) (ft3) = 19503.85 52543.35
LO, Drainback (Ibyy) = 5958.7 Fuel Bias (Iby) = 894
LO, ECO Timer (sec) = 0.0000 Min LO, NPSP (psi) 7.7000
Range = ETR System MR (MRU) 6.0414
Atmos Press (psia) = 1475 Nosecap Del P (psid) = 0.01
LH, Alt Corr (psid) = =01 LO, Alt Corr (psid) = -0.13
Mean 6:1 = 208.0 Sigma 6:1 = 865.0
Mean Non 6:1 = 54.75 Sigma Non 6:1 507.05
Sigma Level = 2.00 Mean + 2-Sigma FPR = 2268.